Background Hospital-acquired infections account for a substantial increase in morbidity and mortality. This prospective, single-center observational study was conducted to assess the incidence and analyze the risk factors of nosocomial infection after peripheral arterial bypass surgery. Methods The incidence of nosocomial infections was registered in all patients undergoing peripheral arterial bypass surgery from January 1996 until December 2004, and risk factors for the development of a nosocomial infection were analyzed. Results A total of 67 infections were diagnosed in association with 607 procedures, yielding an infection ratio of 10.0%. Surgical site infection was the most common (55.2%), followed by urinary tract infection (16.4%), pneumonia (14.9%) and bacteremia (10.4%). Staphylococcus aureus was the most commonly found isolate in surgical site infections (48.6%) and in bacteremia (42.9%). Age, the use of corticosteroids (p = 0.02), and critical ischemia with tissue loss (p = 0.009) could be identified as risk factors for the development of a nosocomial infection.
strategies to diminish the occurrence of nosocomial infection.
Hospital-acquired infections pose a continuous threat to the health of hospitalized patients and account for a substantial increase in morbidity and mortality. In addition, they impose an economic burden on the hospital sector through prolonged hospitalization and increased health care costs [1] . Surveillance of nosocomial infections is regarded as an essential part of infection control [2] [3] [4] . Various studies have previously reported on nosocomial infections in a hospital setting or after general surgery [4] [5] [6] . The most frequently occurring nosocomial infections in surgical patients are surgical site infections, urinary tract infections, pneumonia, and sepsis [5] . The most common infectious complication following peripheral arterial reconstructive surgery, with a reported incidence ranging from 5.3% to 25% [7, 8] , is surgical site infection, which has therefore also received the greatest amount of attention [9] . Yet as the patient population ages [10] and becomes more complex, the incidence and range of nosocomial infections may also have become significantly broader [11] . As previous detailed reports in this area appear to be lacking, the present study was conducted with a view to investigating the incidence and analyzing the risk factors of nosocomial infection after peripheral arterial bypass surgery. These observational data may lead to the development of strategies to control and prevent nosocomial infections.
In this connection, it should be noted that several published studies with a view to improving the quality of care have identified risk factors for the development of a nosocomial infection after general or specific types of surgery. Reported risk factors for nosocomial infection after lung surgery included chronic obstructive pulmonary disease (COPD), duration of surgery, and admission to the intensive care unit (ICU) [12] . Risk factors after cardiovascular operations included age above 65, female sex, mode of surgical intervention, general anesthesia, and blood transfusion [13] . After peripheral arterial bypass surgery, the influence of different risk factors in individual patients remains unclear. If risk factors of nosocomial infections in this specific group of patients could be identified, they may be useful in preventing the occurrence of nosocomial infection and thus in improving the quality of care.
Methods
This study is a prospective, single-center observational study. All consecutive patients undergoing peripheral arterial bypass surgery were included from January 1996 until December 2004. Patient characteristics registered included age, sex, presence of diabetes, cardiovascular disease, end stage renal disease, COPD, use of steroids at admission to the hospital, current smoking, body mass index, and American Society of Anesthesiologists (ASA) classification.
Perioperative and postoperative data included type and indication of surgery performed, type of bypass used, total length of hospital admission, whether the surgery was performed on an emergency basis, duration of surgical procedure, blood transfusion, blood loss, the use of antibiotics perioperative and postoperative and admission to the ICU.
As antibiotic prophylaxis, 1 g of cefazolin was administered to all patients 30 min before the start of surgery. All patients underwent postoperative duplex investigation of the bypass in the recovery room in order to determine the patency of the graft. In this study, graft patency was determined by the initial duplex performed in the recovery room or at discharge.
Patients with nosocomial infections within 30 days from index operation were identified from our prospectively kept complication registration system [7] . Infections were considered nosocomial if they were not documented or suspected at the time of admission. Patients with an infection clearly associated with prior surgery who were discharged home but readmitted for treatment of the infection in question were included as nosocomial infection [11] . Follow-up of all patients took place at our outpatient clinic during a 30-day follow-up period after index operation. Registration of nosocomial infections took place twice a day, during morning and evening ward meetings.
All infections were diagnosed according to the definitions of nosocomial infections used by the Centers for Disease Control and Prevention. Pneumonia was defined as a persistent or progressive infiltrate or consolidation in two or more serial chest radiographs, combined with fever or a new onset of purulent sputum or a change in character of sputum and new onset of cough or worsening of cough. Urinary tract infection was defined as a positive culture from urine combined with clinical signs, such as dysuria or fever. Sepsis was defined as a recognized pathogen cultured from one or more blood cultures, combined with symptoms of systemic response to infection, such as fever and hemodynamic changes.
Surgical wound infection was defined when one of the following occurred: purulent drainage from the superficial incision or organisms isolated from an aseptically obtained culture of the superficial incision [14, 15] . Wound infections were then classified according to Szilagyi: grade I, dermis intact (cellulitis, seroma, serous leak); grade II, dermis not intact (necrosis, dehiscence, and abscess); and grade III, graft exposed [16] . All obtained cultures were identified from the hospital data-collection system. Furthermore, all antibiotics administered to each patient were noted.
Statistical analysis was performed using the chi-square test for discrete variables; Fisher's exact test for small numbers, and t-test for continues variables. All differences were considered significant at p < 0.05.
Results

Procedures
A total of 607 procedures were performed from January 1996 until December 2004. The mean age of the patients was 70.3 years (range: 20-96 years); 347 were men (57.2%). Of the bypass procedures performed, 290 (47.8%) were suprageniculate, 137 (22.5%) infrageniculate, 53 (8.7%) femorofemoral, and 99 (16.3%) femorocrural. The remaining 28 procedures were more complicated, and consisted, for example, of a combination of a central reconstruction combined with a suprageniculate bypass procedure. Polytetrafluoroethylene (PTFE) grafts were placed in 420 (69.2%) cases, and vein grafts were use in 162 (26.7%) cases; other grafts, including a human umbilical cord graft, were used in the other 24 (39.5%) procedures. Severe claudication was the indication for surgery in 239 (39.4%) patients, ischemic rest pain in 231 (38.1%) patients, and ischemic tissue loss in 129 (21.3%) patients. In 8 patients, the indications were varied, and included, for example, a popliteal aneurysm. Sixty-seven procedures were emergent procedures. Mean hospital stay was 17 days (range: 2-251 days). The overall 30-day mortality was 2.8%.
Nosocomial infection
Nosocomial infection occurred in association with 61 procedures. A total of 67 infections were diagnosed in 607 procedures, yielding an infection ratio of 10.0%. Most nosocomial infections occurred in relation to a surgical site infection (55.2%), with an infection ratio of 37/607 (6.1%). Thirteen surgical site infections (35.1%) were diagnosed after the patients were discharged from the hospital; all of them required that the patient be readmitted. Polytetrafluoroethylene grafts were used in 26 patients who developed a surgical site infection (70.3%), vein grafts (27.0%) in two, and an allograft (2.7%) in one. Of all surgical site infections, three were considered Szilagyi class III. In one patient, the bypass was removed and an iliofemoral bypass procedure was performed, and in another, a gracilis muscle graft was used to cover the bypass. Limb salvage was achieved in both patients. One patient required an aboveknee amputation. In eleven cases, the surgical site infection occurred after discharge and patients were readmitted to the hospital. In this group, all infections were considered Szilagyi I.
Urinary tract infection was the second most common nosocomial infection seen, occurring in 16.4% of all cases, followed by pneumonia (14.9%) and bacteremia (10.4%). In one case, the nosocomial infection consisted of cholecystitis and in another, phlebitis of the hand.
A total of 16 different species of pathogens were isolated. Staphylococcus aureus was the most commonly found isolate in surgical site infections (48.6%) and in bacteremia (42.9%). Furthermore, Staph. aureus was isolated in 20% of all nosocomial pneumonia and urinary tract infections. In six patients, no culture was obtained (4 surgical site infections, 1 case of pneumonia, and 1 urinary tract infection; Table 1) .
As antibiotic prophylaxis, 1 g of cefazolin was administered to all patients 30 min before the start of surgery. In the group in which no infections occurred, 69 of the patients had received antibiotics after the index operation, but the criteria for a surgical site infection were not met; for example, no pathogen could be identified from the culture obtained. Of this group without infections, 58 patients had received a PTFE graft; 7 patients, a vein graft; and in 4 patients, other graft types were placed.
Risk factors
Analysis of a number of preoperative variables (Table 2) revealed that age, the use of corticosteroids (p = 0.02), and critical ischemia with tissue loss (p = 0.009) were risk factors for the development of a nosocomial infection. No intraoperative risk factors (Table 3 ) could be identified. Analysis of postoperative variables showed that blood transfusion was a risk factor for nosocomial infection (p < .0001). Nosocomial infection was associated with a prolonged hospital stay (p < .0001).
Discussion
This study proposed to examine the incidence and type of nosocomial infections documented after peripheral arterial bypass surgery. We have no knowledge of any previous studies in this specific type of patient population. The incidence of nosocomial infection was 10.0% in patients undergoing peripheral arterial bypass surgery. This is well within the range of 1.4% to 17.3% [5] previously reported for general surgery. The distribution of nosocomial infections was, however, found to be different from that in general surgery [4] . After general surgery, urinary tract infections, pneumonia, surgical site infection, and bacteremia are the leading types of infection reported, in that order. Previous studies in which all surgical wounds were observed showed an overall incidence of surgical site infection of 4.7% [17, 18] . In our study, surgical site infection, with an incidence of 6.1%, was the most frequent. This is somewhat lower than the 7% -44% [19, 20] reported in the literature after infrainguinal bypass surgery. Of all surgical site infections, 35.1% were diagnosed after the patients were discharged from the hospital, a finding that emphasizes the need to develop dependable methods, which should include a reliable postoperative 30-day follow-up, for identifying accurate numbers of surgical site infection [12] . The lower rate of urinary tract infections in our study may be explained by the systematic use of antibiotic prophylaxis on withdrawal of the catheter and a retention protocol [21] .
A wide variety of infecting organisms was found, but the importance of Staph. aureus as a pathogen in nosocomial infections is emphasized here. It was the most common isolate in surgical site infection (48.6%) and in bacteremia (42.9%). No methicillin-resistant Staph. aureus (MRSA) was isolated, probably because of the very strict Dutch policy to eradicate MRSA, a policy that is far more stringent than those employed in other countries. It has proven to be successful epidemiologically with an incidence of MRSA in the Netherlands <0.5% [22] Most nosocomial infections were cultured, but in 8 infections, no culture was obtained. Vazquez et al. reported a diagnosis in 67.2% of all nosocomial infections treated with antibiotics [5] . Another report showed that as many as 68% of all wound infections was treated without culture [10] .
The mean age of the patients in our study was relatively-although not unexpectedly-high, in view of the type of population concerned: an aging population of patients with atherosclerosis undergoing peripheral arterial bypass surgery. Older age was found to be statistically significantly associated with a higher prevalence of nosocomial infections, a finding that has been previously demonstrated by other studies [13] . Of all variables studied, the preoperative use of corticosteroids was a risk factor for the development of a nosocomial infection. The incidence of nosocomial infection was not significantly higher in obese, diabetic, or smoking patients, probably because of the high prevalence in both groups. Another feature, ASA physical status grouping, has been shown to be predictive of postoperative wound infections in surgical patients, although in this study a higher ASA class could not be associated with a higher prevalence of infection [12] . Patients suffering from ischemic tissue loss also showed a higher prevalence of nosocomial infection. Not only does tissue loss offer a passage of an entry for pathogens, patients with tissue loss, in general, tend to be in poorer physical condition preoperatively.
Of all operations performed, a femorofemoral bypass graft was found to be associated with a relatively low incidence of nosocomial infections. Chang reported a similar result, with 0.3% incidence of surgical site infection after the femorofemoral bypass procedure [20] . Although a relatively high number of PTFE grafts were placed in our study, there was not an associated increase in graft infections, notwithstanding all suggestions made in earlier studies to the contrary. Graft infections do not necessarily appear in the immediate postoperative course. Lorentzen et al. reported an incidence of 53% within 30 days of all graft infections observed [2] . Similarly, we were unable to demonstrate an increase in superficial surgical site infections in association with the use of an autogenous vein graft [20] .
Among the 3 Szilagyi class III infections, limb salvage could not be achieved in one case. Duration of the operation was not identified in this study as a risk factor, although it is widely accepted that operations longer than 2 h are associated with a higher prevalence of surgical site infection. Likewise, the amount of blood loss could not be identified as a risk factor, but administration of any blood transfusion was identified as risk factor for nosocomial infection, as previously described by Rebollo et al. [13] . Reoperation was not a risk factor for the development of a nosocomial infection.
Nosocomial infection was not associated with an increase in 30-day mortality, probably because of the low incidence of mortality after peripheral arterial bypass surgery. Prolonged admission time to the hospital was associated with a statistically significant rise in nosocomial infections and thus reflects the increase in economic costs and morbidity for the patient.
In conclusion, this study provides a detailed description of the incidence and risk factors regarding nosocomial infection. Older age, the use of corticosteroids, and the presence of tissue loss were intrinsic patient factors found to be associated with nosocomial infection. The administration of a blood transfusion could be identified as an extrinsic risk factor.
It may be conjectured that older patients with ischemic tissue loss who receive corticosteroids, should be carefully monitored during their hospital stay. Also, postoperative prophylactic antibiotics should be given serious consideration. More detailed studies are necessary to identify risk factors in the complex management of this group of patients and to develop strategies to diminish the occurrence of nosocomial infection. 
